Abstract: We investigate the deleterious effect and the error in Brillouin optical time-domain analyzers induced by the combination of a low extinction ratio pulse generation with the transient behavior of erbium-doped fiber amplifiers.
Introduction and fundamentals
The increasing demand for sensing, mainly in structural health monitoring, has raised wide investigations on Brillouin Optical Time Domain Analysis (BOTDA) in the last decades. The aim of these researches is commonly to either reduce the cost of the sensor or to improve its capability. One option to reduce the cost of the BOTDA system and also to generate fast optical pulses, is to employ an electro-optic modulator (EOM) to generate the pump wave. However, EOMs usually have a low extinction ratio (ER) and practical limitations such as measurement errors induced by ER of the pump pulse signal [1] are still limiting the performance of the sensor.
In this paper, we present an unknown distortion and a measurement error in BOTDA sensors due to the variation of the leakage power of the pump pulse when an erbium doped fiber amplifier (EDFA) is used to amplify a low ER pulse. Every EDFA has their own transient behavior when amplifying a pulse signal [2] , resulting in a variation of the leakage power level before and after the pulse, as it is highlighted in Fig. 1(a) . Moreover, as it has been studied, the probe wave experiences a gain due to a counter-propagated pump leakage [1] . Thus, the amplification given to the probe changes because of the different leakage power, so that the BOTDA trace will undergo a different amplification along the fiber, as it is illustrated in Fig. 1(b) . Therefore, these variations introduce errors similar to the well-known non-local effects [3] , since both are directly related to the Brillouin frequency shift (BFS) of the fiber. 
Experimental results
We assembled a conventional dual-probe BOTDA setup [4] , depicted in Fig. 2 . In order to generate 60-ns pulses with different ERs, a Mach-Zehnder electro-optic modulator (MZM) and alternatively a semiconductor optical amplifier (SOA) were employed, obtaining a pulse ER of 23 dB and 45 dB, respectively. The provided pump peak power and probe power were 18 dBm and -18 dBm, respectively, in order to avoid modulation instability and pulse depletion (checked in PD2). Two different EDFAs were tested to amplify the pump pulses and the transient behavior of the amplifier over the BOTDA trace is demonstrated. Finally, a 25 km standard single-mode fiber spool with a fairly uniform BFS distribution was deployed as sensing fiber applying 8000 averages. Fig. 3(a) depicts the BOTDA traces at maximum BFS of the fiber for different ERs and EDFAs. Despite the same probe and pump power, a trace distortion for an ER of 23 dB is clearly visible while for 45 dB it is not. Since the SOA trace suffers no distortion, we regard the corresponding BFS measurement as reference for error comparison. The trace depletions with low ER are also different depending on the EDFA employed. Fig.3(b) shows the BFS measurement of the hot spot at the end of the fiber. Measurement error of 1.5 MHz with EDFA 2 shows a good agreement with the larger trace distortion for EDFA 2 to EDFA 1 at the far end of the fiber. 
Conclusion
In this paper, we have investigated for the first time to our knowledge an unknown distortion due to a combination of the finite ER and EDFA transient to the BOTDA measurement. Trace distortion and error in measuring the hot spot is experimentally performed. Measurement error should be expected in case an EDFA is used for amplification of the pump pulse with a finite ER in a BOTDA setup.
